Aung Lwin Oo, Yamaguchi S, Yamada T, Iwaki H and Amagasa T. Pattern of invasion and invasive front grading score as predictive factors of late cervical lymph node metastasis in surgically treated stage I~II tongue carcinomas. Oral Med Pathol 2003; 8: 117-124, ISSN 1342-0984. Cervical nodal metastasis has a major influence on survival in squamous cell carcinoma (SCC) of the tongue. However, predictive factors for metastasis remains inconclusive, especially in stage I-II SCC of tongue. This study analyzed the clinicopathologic factors associated with late nodal metastases in patients with stage I-II SCC of tongue. The clinicopathologic factors of 62 consecutive patients between January 1998 and December 2001 with surgically treated stage I-II SCC of the tongue were reviewed prospectively, and the factors predicting late cervical nodal metastasis were analyzed. All patients were treated with partial glossectomy without elective neck dissection. Fourteen of 62 (22.6%) developed late cervical nodal metastases within median follow-up of 36 months. Thirteen patients (92%) developed late nodal metastases within 13 months. In Cox regression analysis, pattern of invasion at the invasive tumor front and invasive front grading score had predictive values for late nodal metastasis. Patients who are surgically treated for stage I-II SCC of tongue with diffused invasive pattern at invasive tumor front and high invasive grading score should be carefully followed up, and delayed elective neck dissection after partial glossectomy should be carried out in selective patients.
Introduction
Stage I-II (T1-2N0M0) squamous cell carcinoma (SCC) of the tongue is treated by either surgery or radiotherapy, giving equivalent local control rates (1, 2) . The major cause of failure in these patients is late cervical lymph node metastasis after initial treatment. Therefore, analysis of the predictive factors for cervical lymph node metastasis is important for prognosis. Few studies (3, 4) have performed as a prospective manner and applied multivariate analysis to clinicopathologic factors associated with cervical metastasis in stage I & II SCC of the tongue.
The prognostic value of various molecular and cellular features in oral SCC has been extensively reviewed and indicates that the cells at the invasive tumor front are often different from cells within other parts of oral SCC. It seems that observation of the invasive tumor front is the key to a better understanding of the biologic behavior (5) (6) (7) . The biological relevance of the invasive tumor front is also confirmed by some studies with immunohistochemistry and molecular techniques (8, 9) . The main conclusion is that histopathological grading at the most tumor invasive front (Invasive Front Grading; IFG) from routine H&E stained slides has much better predictive potential than any single tumor marker at the invasive front (10) . Most of the studies (11) (12) (13) of IFG were performed retrospectively and used biopsy materials. Bryne (6) stated that the ideal material for IFG is a surgical specimen containing the most invasive part of the tumor without prior treatment of radiation and chemotherapy to the primary tumor. In this study, we examine the clinicopathologic factors including the IFG of the surgical specimen of stage I-II SCC of tongue treated with partial glossectomy as an initial treatment to predict the late cervical lymph node metastasis.
Pattern of Invasion and Invasive Front Grading Score as Predictive Factors of Late Cervical Lymph Node Metastasis in Surgically Treated Stage I~II Tongue Carcinomas

Materials and methods
Patients
We studied patients with stage I-II SCC of tongue who visited the Department of Maxillofacial Surgery, Graduate School, Tokyo Medical and Dental University, between January 1998 and December 2001. We selected patients who were treated with partial glossectomy without elective neck dissection as initial treatment. N 0 neck status of the patients was defined by clinical palpation, ultrasonographic examination (US) and contrast enhanced computed tomography (CECT) of the neck before initial treatment. None of the patients had received either preoperative/postoperative radiotherapy or chemotherapy. This study was also limited to patients who had a negative surgical margin and no recurrences at the primary site during follow-up. Patients with histopathologi- cally verrucous, papillary or spindle cell carcinomas and with base of the tongue SCC were excluded from the study because of their different clinical and biological behaviors. Patients were generally seen twice a month in the first 6 months following treatment, every 3 weeks from 6 month to 1 year, every month from 1 to 2 years, every 2 months from 2 to 3 years, and every 3 months thereafter. Clinical palpation, US, and CECT (if indicated) to the neck were performed to detect the late cervical metastasis with the last follow-up visit in December 2002.
Clinical and histological factors
The clinical factors investigated in relation to late cervical lymph node metastases were age, tumor size, growth type of the tumor; exophytic type or endophytic type and tumor depth. Tumor depth was measured in all patients using intraoral ultrasonography (10MHz intracavitary transducers, Aloka, SSD-630). The lesion was scanned for easy determination of distance between the two calipers, and the tumor depth was measured vertically from the adjacent normal mucosal surface to the maximal depth of the tumor, within 0.1 mm.
The pathological factors investigated in relation to late cervical lymph node metastases were histopathological grading of the whole tumor according to the WHO classification as given by the pathologist in the pathological report, and the IFG recommended by Bryne (6) ( Table 1 ). The scoring of IFG was performed on routine 5mm H&E stained sections of surgically resected specimen. All pathologic slides were checked at the maximum cross-sectional area and the most invasive front of tumor by two investigators (A.L.O and T.Y) suitably trained in scoring in a blinded manner without knowledge of the patient's clinical data. The score were based on consensus between the two investigators (all grades and scores were allotted by agreement of the same two observers on one occasion). Four individual morphological parameters were evaluated in the grading system; a) degree of keratinization, b) nuclear polymorphism, c) pattern of invasion and d) host response (inflammatory cell infiltration). Tumor cell characteristics were solely graded within the lowest differentiated parts of the most invasive 3-6 cell layers at the advancing front of tumors. An average of 4 fields with a 2-6 range (100¥ magnification) was recorded as the score for each parameter. These parameters were graded separately and given scores from 1 to 4. The scores of each parameter were summed up to give a total IFG score (4-16) and subgroups of patients were defined as low IFG (4-7), moderate IFG (8-11) and high IFG (12) (13) (14) (15) (16) . Examples of the pattern of invasion and their IFG scores are shown in Figs. 1 and 2.
The time to metastasis or disease free interval time (months) was determined from the date of the initial treatment to either the date of occurrence of late cervical nodal metastasis or to the last visit of December of 2002, re- spectively. Late cervical lymph node metastasis and neck control after glossectomy as an initial treatment were the major end-points of this study.
Statistics
Statistical analysis was performed using a statistical software package (SPSS for Windows; Version 10.1). The clinicopathologic factors related to late cervical nodal metastasis were calculated using the univariate analysis of log rank method. The factors that showed the P value of 0.01 or less in univariate analysis were entered into multivariate analysis of Cox regression models by a stepwise forward technique. A P value of 0.05 or less was regarded as statistically significant. As a predictor, the first predictive factor for late cervical lymph node metastasis was extracted when the second predictive factor was analyzed. Time to metastasis or disease free interval time was incorporated as an uncensored time dependent covariate.
Results
A total of 62 patients with previously untreated stage I and II tongue carcinomas were recruited into the study. There were 39 male (62.9%) and 23 female (37.1%) with the mean age 60 years (range 21 to 91). The preoperative clinical stages were 48 with stage I (77.4%), and 14 with stage II (22.6%). The clinical tumor growth types were 35 in exophytic (56.5%) and 27 in endophytic types (43.5%). The preoperative tumor depths measured by US were 32 in up to 3mm depth (51.6%), 29 in more than 3mm and up to 9mm (46.8%) and 1 in more than 9mm (1.6%). The median follow-up of all patients was 36 months (range 13-56 months). Using the WHO histopathological grading system, 34 were considered grade I, 25 grade II, 3 grade III, and the IFG scores were 30 in low IFG, 25 in moderate IFG and 7 in high IFG. (Table 2) Late cervical lymph node metastases occurred in 8 of 48 patients (16.6%) with stage I and in 6 of 14 (42.8%) with stage II, in a total of 14 (22.6%) patients. The rela- tionship between clinicopathological factors and the incidence of late cervical lymph node metastases by univariate analysis was shown in Table 2 . The variables (P <.01) considered in multivariate analysis of Cox regression were type of growth, tumor depth, WHO grade, degree of keratinization, nuclear polymorphism, pattern of invasion, lymphocyte infiltration and invasive front grading score. Pattern of invasion at the invasive front area was the first predictive factor of late cervical lymph node metastasis, and the invasive front grading score become the second predictor when pattern of invasion was extracted in the Cox regression analysis model (Table 3) . Time to metastasis, salvage treatment of neck, pathological N stages, levels, number of nodes involved and status after salvage treatment to the neck in late cervical lymph node metastatic cases are presented in Table 4 . The median time to metastasis in the neck for patients who ultimately developed clinical evidence of cervical lymph node metastasis was 7 months with a range 1 to 31 months, and 13 of 14 patients (92%) developed late metastases within 13 months after initial treatment. All cervical metastases were ipsilateral. Treatment of late cervical metastases consisted of modified radical neck dissection in 12 patients, of which 3 cases were followed by radiation, and external beam radiation therapy alone in 2 patients. The evidences of late cervical nodal metastases were confirmed by the pathological examination of neck dissection specimens in surgically salvaged patients, but by US and CT of the neck in 2 patients who were treated with radiation therapy. In terms of the level involved, 5 patients developed cervical lymph node metastases in level I, 6 in level II, 1 in level III and 2 in level I & II, on a clinical level scale of I to V (14) . In term of N stages, 7 patients presented in N1, 2 in N2a and 5 in N2b. Nine patients bore no evidence of disease after salvage treatment, and two patients had recurrence at the dissected neck while 3 succumbed from distant metastases to the lungs.
Discussion
Late cervical lymph node metastasis is the main management problem of early carcinoma (stage I-II carcinomas), especially in tongue carcinoma because of its high incidence of occult nodal metastasis (15) . The prognosis after salvage therapy in this group of patients is poor, which has led some clinicians to advocate the treat- 1 3 MRND N1 II ⁄ 1 DOD (lung metastasis) *level and nodes were confirmed by US and CT because neck was treated with radiotherapy only. MRND = modified radical neck dissection, RT = radiation therapy, AO = alive without disease, AOD = alive with disease, DOD = dead of disease. ment of the clinically negative neck by elective neck dissection or radiotherapy (16) . Elective neck therapy improves the regional control. However, unnecessary morbidity and doubtful survival benefit are commonly cited as the reasons for avoiding routine elective neck treatment (17) . Many histopathologic parameters in carcinoma of the tongue have been identified as predictive factors for cervical metastasis. However, predictive factors for occult cervical metastases and the criterion for elective therapy remain inconclusive.
Many researchers have devised a histologic grading system to predict the biologic behavior of oral carcinomas (18) . Unifying many of the published scoring systems, Bryne et al. (6) and Anneroth et al. (11) recommended using the IFG system, which has been shown to have the best prognostic value when applied to the least differentiated portion of a tumor at the deep invasive front of oral carcinoma. Histologic malignancy grading studies are complicated by the heterogeneity among different primary tumor sites, stages, subtypes of oral carcinomas and variable treatments. Homogeneity of these characteristics is required for analysis of the value of the IFG system to predict the potential of late cervical lymph node metastasis. The ideal material for IFG is a specimen from a surgically removed tumor containing the maximum cross-sectional area and depth of tumor (6) . Because we applied IFG to a homogeneous series of patients in this study, our results overcome bias due to heterogeneity.
In our prospective evaluation of several elements relating to clinical and histological features, we found that the pattern of invasion at the most tumor invasive front area and the invasive front grading score appeared to be of value in predicting the occurrence of late cervical lymph node metastasis. This study shows the usefulness of IFG for stage I-II tongue carcinoma and demonstrates a close correlation between the pattern of invasion and late cervical lymph node metastasis (p < 0.01). One recent study (19) also showed that the pattern of invasion was found to be useful for predicting occult cervical lymph node metastasis in stage I-II tongue carcinoma.
A major problem for most histopathological grading systems is inter-and intra-observer disagreement. However, the reproducibility of IFG has been tested and the correlations between the scores performed by different observers were highly significant (7, 12, 20) . Among the parameters of IFG, the significance of pattern of invasion as a prognostic indication is enhanced by it being one of the most accurately scored parameters between observers (21, 22) . Although many studies (3, 4, 19, (23) (24) (25) (26) (27) have shown that tumor thickness is an important prognostic factor, there is no unanimous agreement on how to group thickness into different stages in order to guide treatment modality. Because of different case distribution and different methods of tumor thickness measuring among the studies, it is difficult to reach an agreement for determining the treatment modality depending on tumor thickness. In our study, we used the tumor depth by measuring from the adjacent normal mucosa surface, instead of tumor thickness which is usually measured from the surface of the tumor. When tumor depth is considered as a predictive factor of cervical metastasis, tumor thickness in T1-2 lesions should be considered separately from T3-4 lesions. We believe it likely that tumor depth will become more important when large T2 to T4 tumor are considered, and that pathological parameters will be more important in determining the likelihood of subclinical nodal metastasis when the tumor is small. Our results show that there is no strong correlation between tumor depth and late cervical metastasis when small tumors of the oral tongue are considered. Although tumor depth had a predictive value for late cervical lymph node metastasis in univariate analysis, pattern of invasion and IFG score were more important parameters in multivariate analysis. Tumor depth is somewhat important. However, the pattern and malignancy score of the tumor invasive front are more important prognostic factors.
The incidence of late cervical nodal metastasis after initial surgical treatment of early stage I and II carcinoma of tongue varied in previous studies and were reported as 14% (28), 22.1% (19) , 24% (4), 43% (3) and 57% (15) . In this study, we found 22.6% of late cervical lymph node metastases during a median follow-up of 36 months, with a range from 13 to 56 months. Late cervical lymph node metastases after initial treatment of stage I and II tongue carcinomas occurred within 2 years in most of the cases, and mean time to metastasis from initial surgical treatment was 6 months among the reports (4, 17, 29) . In this study, 92% of late cervical lymph node metastasis occurred within 13 months after initial surgical treatment. This finding indicates the importance of careful close follow-up in the first year after initial treatment. Especially in the case of a partial glossectomy alone as the initial treatment, the patient must be observed with extraordinary attention in the first year; i.e., the necessity for twice-a-month follow-up in first 6 months and monthly examination for the next 6 months, always with ultrasound of the neck.
The strategy for observation of the N 0 neck in stage I-II carcinoma of tongue is based on the assumption that diligent close follow-up of these patients will result in detection of cervical metastasis at a low stage, when they are presumably still curable. Our results showed the extent of disease in cervical lymph node metastases after initial treatment was seemingly undetectable in the low stage, even though we made careful close follow-up in the first year after initial treatment. We performed salvage treatment to the neck with modified radical neck dissection in 12 cases, and with radiation in 2 cases because of old age. Three out of 14 developed distant metastases and 2 developed recurrences at the salvaged neck. It is still to soon to postulate a salvage rate of 64% due to the short follow-up after salvage treatment. Previous reports also showed that the extent of neck disease in regional failure during observation of the N 0 neck was in high stage, and the salvage rate of neck metastasis was disappointing (16) . One of the explanations is that a positive lymph node remaining in the neck for several months can act as a source of dissemination for tumor cells to other lymph nodes in the neck as well as to distant sites. Experience has shown that the rate of distant metastasis is higher if a neck node metastasis is present for 6 months or longer, and extracapsular spread was detected in 47% of salvaged neck dissection specimens (17, 30) .
Our results led to us the following recommendations in the treatment of stage I-II carcinoma of oral tongue: (1) In stage I tongue carcinoma, the management of the neck should be based on the pathologic report on the surgical glossectomy specimen, and the decision about second stage neck treatment (delayed elective neck dissection, DEND) should depend on the pattern of invasion and the invasive front grading score; (2) In stage II tongue carcinoma, the surgeon should be encouraged to take a large biopsy specimen that includes the deep invasive front of the carcinoma. Generally, it is reasonable to take an incisional biopsy measuring 10 ¥ 5 ¥ 5 mm from representative area. This would be sufficient for IFG, since at least the parameter of the pattern of invasion colud be properly assessed in most cases. Elective treatment of the neck simultaneous with treatment of the primary carcinoma should be carried out on patients with a diffused pattern of invasion and a high invasive front grading score in their large biopsy; (3) A delayed elective neck treatment (DEND) should be followed in patients with a diffused invasive pattern and a high IFG score in their surgical specimen who were treated by partial glossectomy as the initial treatment. An interval prior to DEND (8-12 weeks after glossectomy) has been recommended in high-risk group of patients, as proposed by Fakih (17) . (4) When DEND is considered, Supraomohyoid neck dissection involving level I~III is a sufficient procedure for regional control for N 0 neck from our results of level involved in neck dissection specimens (Table 4 ). A further prospective study is necessary to show a benefit of DEND for increasing the survival in a high-risk group of patients with a diffused pattern of invasion at the invasive tumor and a high IFG in stage I-II carcinoma of the tongue.
